Aims To describe the results in terms of local control, eye preservation and systemic evolution of iris melanomas treated by proton beam irradiation.
Introduction
Malignant melanoma of the iris is a rare pigmented tumour with an estimated frequency of between 2 and 5% of all uveal tumours and represents the most frequent malignant tumour of the iris 1, 2 Most of the pigmented iris tumours have a benign course and may be observed, nevertheless several clinical features of the iris lesion (single nodular lesion, more than 3 mm in diameter, presence of intrinsic tumour vessels, associated with varying degrees of pigment seeding in the iridocorneal angle, presence of raised intraocular pressure, or episodes of hyphaema) [2] [3] [4] [5] may help differentiate between a benign or a malignant lesion and should lead to treatment, in order to avoid the rare distant metastasis (5%) described in this sub population of uveal melanomas. 2 Treatment options depend on tumour size, location and the presence of any associated complications (pigment seeding in the iridocorneal angle away from the tumour, invasion of the iridocorneal angle). Enucleation is indicated for very extensive tumours, tumours with extrascleral extension and diffuse iris melanoma. Conservative treatment for localised tumours can preserve a functional eye and may reduce the risk of metastasis. The various conservative treatment options include surgical resection, irradiation, or a combination of these two approaches. Cases of radioactive plaque irradiation, 6 and several cases of proton beam irradiation have been reported by various authors. 4, 7, 8 However, limited data are available on proton beam therapy on this particular subset of uveal melanomas. We present the results of proton beam therapy for circumscribed iris melanoma with a median follow-up of 33 months.
Materials and methods
This is a single-centre retrospective study describing the treatment and outcome of patients with primary pigmented tumours of the iris treated by proton beam therapy. A computer search was conducted to identify the charts of patients corresponding to these criteria. Only patients treated for a primary iris lesion, excluding ciliary lesions with contiguous involvement of the iris, were included.
The diagnosis of iris melanoma was based on clinical and instrumental findings (conservative treatment without preliminary biopsy). The following patients were treated: patients with an old iris lesion that progressed during follow-up (increased volume or diameter) and a number of patients with a recent iris lesion whose clinical and complementary characteristics suggested a malignant tumour (single nodular lesion, more than 3 mm in diameter, presence of intrinsic tumour vessels, associated with varying degrees of pigment seeding in the iridocorneal angle, presence of raised intraocular pressure, or episodes of hyphaema). 1, 5 After a complete clinical ophthalmological examination including colour photography of the lesion by slit lamp, ultrasound examination (biometry, standard B mode ultrasound or UltraBioMicroscopy (UBM) when available in France at the time of diagnosis), and a general work-up looking for secondary lesions by abdominal ultrasound and chest X-ray, patients were referred to the proton therapy centre for irradiation. The presence of extrascleral extension and disseminated iris melanoma constituted a contraindication to this type of treatment.
In contrast with choroidal or ciliary lesions, clip placement was required in only one patient.
Irradiation technique
A three dimensional (3D) modelling of the tumour is based on the preliminary imaging examinations performed at the initial visit (photography, ultrasound). The dose distribution study is based on a 3D reconstruction of the eye and the main intraocular structures (optic disk, macula, lens, ciliary body, and cornea) using EYEPLAN software.
Reproducibility of treatment is ensured by a personalised contention system composed of a heatformed mask associated with a mouthpiece. This system provides a contention of the face of the patient in a sitting position.
The proton beam is fixed and horizontal. The patient fixes a luminous infrared diode with one eye. The position of gaze is determined in order to irradiate the tumour from its base and obtained by the dose distribution study. The perfect cooperation of the patient is needed to avoid the eye's movements. A 2.5-3 mm safety margin is included around the tumour volume (this tumour volume includes pigment seeding in the iridocorneal angle, when present at the time of diagnosis). The safety margin includes possible microscopic tumour extensions and the patient's possible eye movements. Irradiation is performed on a nondilated pupil, as for the pretreatment imaging. The eye position and possible movements during treatment are monitored during irradiation by an infra-red camera. The luminous diodes, creates corneal reflexes that can be monitored and projected on screens present inside and outside the treatment area. Once the eye placed, the iris, and the diode reflexions on the cornea are drawn on the screens. If the patient moves, the drawings do not correspond any more to the reflections and irradiation is stopped. The treatment is started again when the eye is in the right position. This is repeated at each treatment session. The technique allows detection of movements less than 1 mm. The positioning of the eye and treatment are realised in a full-lit room and the diode light does not affect the iris contractions.
A personalised brass collimator is used to define the lateral limits of the irradiation dose to the target volume.
As eyelid irradiation can cause complications and ocular sequelae, the eyelids are excluded from the irradiation fields by means of retractors.
Irradiation is performed in the sitting position with topical anaesthesia (oxybuprocaine eye drops) allowing insertion of eyelid retractors.
The dose delivered is 60 Cobalt Gray Equivalent (CGE) in four fractions of 15 Gy over 4 days; the relative biological efficacy (RBE) for protons is equal to 1.1. Each fraction lasts between 45 and 70 s. This dose is the one, which is currently used for the other uveal melanomas and has proved its efficacy.
A clinical follow-up is then ensured including clinical ophthalmological examination 1 month after irradiation, then every 3 months, alternatively by the ocular oncologist and the general ophthalmologist. Ocular ultrasound is repeated every six months for 2 years, then annually. A general follow-up for detection of metastases, based on 6-monthly hepatic ultrasound, is also performed.
The charts of these patients were reviewed retrospectively and the following baseline data were recorded: demographic (age, gender), ocular (visual acuity, eye colour, presence or absence of an old iris lesion, interval between onset of symptoms, and diagnosis), tumour (clinical diameter, presence or absence of an achromic lesion, site according to the central meridian of the lesion, presence of cataract, presence or absence of documented tumour growth, diameter and thickness on standard ocular ultrasound or 50 MHz Ultra Biomicroscopy, presence of localised tumour invasion of the iridocorneal angle, presence of pigment seeding in the iridocorneal angle away from the tumour, presence of raised intraocular pressure, and response to treatment), irradiation parameters using the treatment plan established on the basis of the initial ocular and tumour data (including the dose received by the tumour, the maximum and minimum tumour diameters, thickness, tumour volume, distance of the tumour from the optic nerve and macula, percentage area or volume irradiated by 20, 50, or 90% of the dose delivered to the retina, internal surface of the eyeball, volume of the eyeball, lens, lens periphery, ciliary body, optic disk, and macula) and the local and general outcome. A complete functional assessment is performed annually with estimation of visual acuity, presence or absence of raised intraocular pressure and its response to treatment, systematic search for the following postradiation sequelae: palpebral sequelae, dry eye syndrome, keratitis, posterior synechiae, uveitis, iridial neovascularisation, hyphaema, cataract, and an 'other complication' item, which was described in detail. The clinical and instrumental tumour response and the new ultrasound tumour thickness were recorded. The tumour was classified as stable, presenting partial response (reduction of tumour thickness), complete response (flat lesion), or progression (increased tumour thickness or diameter).
Statistical methods
Statistical analysis was then performed on demographic data, tumour data, and follow-up data. A w 2 -test was used to compare two percentages and a Student's t-test was used to compare two means. The limit of significance was Po0.05.
A methodology adapted to survival analysis was used to study mortality and local or systemic recurrence. Survival rates were calculated from the first day of treatment, corresponding to proton therapy to the date of the event considered (death, local relapse, metastases, and appearance of complications).
Results
From April 1998 to September 2002, 21 patients satisfying the selection criteria were treated.
The median follow-up was 33 months (range: 8-72 months). No patient was lost to follow-up.
Baseline characteristics
The mean age of the patients of this series was 51 years with a median age of 50 years (range: 17-82 years). This series comprised of 12 female patients (57.1%) and nine male patients (42.9%). In all, 15 (71.4%) of these patients presented an old iris lesion and six (28.6%) presented a recent iris tumour.
The mean interval between onset of the first symptoms and the final diagnosis was 3.1 months (median: 2 months; range: 0-62 months), where 0 corresponded to asymptomatic patients (42.9%).
A total of 71.4% of patients presented documented growth of an iris lesion. The tumour involved the left eye in 57.1% of cases and the right eye in 42.9% of cases. All lesions were unilateral. The eye colour was blue in 38.1% of patients, green in 28.6%, brown in 23.8%, and not specified in 9.5%.
All lesions were pigmented, but contained an achromic component in seven patients (33.3%) (Figure 1a) . The tumour was essentially located in the lower quadrants, as only two patients presented a tumour in the upper quadrants. The tumour was in contact with the ciliary body in one patient. Tumour diameter and thickness are 
Clinical course
All patients were alive at the end of follow-up. Only one patient presented multiple hepatic lesions suspected to be metastases, but not documented by liver biopsy (refused by the patient). The local tumour response was excellent for all patients, as no local recurrences have been observed to date. At 1 year after treatment, eight of the patients evaluated (40%) have stable disease (lesion unchanged, no growth), and 12 (60%) present partial regression (stable diameter but decrease of the thickness evaluated by UBM, especially for the achromic component, decrease of the intrinsic vessels when initially present). At 2 years, the lesion was flat in one patient (6.3%), showed partial regression for 12 patients (75% of cases) (Figure 1a and b) and was stable for three (18.8% of cases). For the six patients with a follow-up of at least 3 years, five have a partial response and one has a complete response (flat lesion). No patient has required secondary enucleation for ocular complications. The main postirradiation complications are described in Table 2 .
No other complications were reported, especially no sicca syndrome, no photophobia, no iris neovascularisation, and no palpebral sequelae such as loss of eyelashes or depigmentation. The main complication of treatment was cataract. Univariate analysis was performed to identify risk factors for the development of cataract. Male gender and the presence of an old iris lesion were found to be significant risk factors.
Irradiation parameters were then reviewed and lens opacities were observed even when the dose received by the lens was less than 12 Gy to less than 80% of the lens volume. Lens irradiation is difficult to avoid in view of the site of the tumour.
Discussion
Iris melanoma is a very rare tumour, as it represents only about 2% of all uveal tumours. 1, 2, 5 The diagnosis of iris melanoma is highly probable in the presence of a combination of clinical characteristics suggesting a malignant tumour: single, unilateral lesion, measuring more than 3 mm in diameter, with abnormal intrinsic tumour vessels, pupillary deformity, cataract or pigment scatter, possibly associated with raised intraocular pressure. 1, 3, 5 No biopsies confirming the malignant nature of the lesion were performed in this series of iris lesions, but the majority of patients nevertheless presented documented growth of a tumour arising on a pre-existing lesion, while all other patients presented a tumour whose initial clinical characteristics were highly suggestive of the diagnosis in agreement with the majority of authors, 2,3,9 and according to the criteria defined above (essentially size). Conservative management by irradiation was therefore proposed on this body of evidence, by analogy with conservative radiotherapy [10] [11] [12] [13] [14] [15] [16] [17] performed for ciliary and choroidal melanomas, in order to avoid the metastasis and preserve a functional eye. Proton therapy is a modality of conformal radiotherapy, which uses a proton beam whose ballistic properties allow localised delivery of energy to the target volume. The depth of penetration of protons, directly related to their initial energy, can be very easily adjusted to the position of the tumour in the Proton beam therapy for iris melanomas L Lumbroso-Le Rouic et al eye. A modulator system is used to deliver a homogeneous dose plateau over the thickness of the lesion. This homogeneous dose differs totally from the plaque therapy, which delivers a high dose gradient with a maximum dose at the surface of the plaque. In the iris tumours treatments the highest dose is therefore, received by the cornea when using a plaque. Proton beam irradiation has been rarely reported for iris lesions 4, 18 and, to our knowledge, has not been the subject of specific publications. Several cases of iris lesions treated by proton beam therapy have been mentioned in series presenting the results of treatment for uveal melanoma, but these studies do not detail the local outcome of this subset of melanomas and their course after treatment is therefore not analysable. 8, 19, 20 The results of this short series of patients are very encouraging, as patient survival was excellent with only one patient with suspected metastatic melanoma. Iris melanomas are known to have a slow course with a lowmetastatic rate 2 estimated to be 3% at 5 years and 5% at 10 years but this series presents relatively bigger sized lesions (median diameter and thickness comparable to our series but the range is wider and they include patients with extrascelaral invasion) than the ones we describe, all patients treated in our centre presented small, circumscribed lesions with no extrascleral extension. The results in terms of local control are also very favourable, as no cases of progression or local recurrence have been observed with a follow-up of 33 months. Conway et al 9 reported a recurrence rate after surgical resection of about 4/44 patients, occurring an average of 3 years after surgery. Another study reported no relapse after a follow-up of 31 months for 11 resections. 21 In a series of 28 cases treated by iridectomy, Jensen 22 reported three recurrences 5-7 years after surgery.
As all lesions treated in our series were localised and relatively small, conservative surgical management would have constituted a suitable alternative treatment. However, irradiation was proposed in order to minimise postoperative complications, as the iridocorneal angle was invaded in the majority of cases and wide resection with cyclectomy would have been necessary with a risk of more severe immediate or long-term haemorrhagic, infectious and functional complications than those related to circumscribed irradiation. Surgical resection is associated with a risk of immediate haemorrhagic or infectious complications, or, in the longer term, may cause raised intraocular pressure and bothersome photophobia in the absence of pupillary reconstruction. 9 Furthermore, the initial management of the tumour did not appear to be a risk factor for the development of metastases in the study by Shields et al, 2 who propose surgical resection in 60% of their patients with iris melanoma.
125
I radioactive plaque irradiation was proposed by Shields et al 6 for particular cases of iris tumours, for which surgery was not indicated or after a first recurrence. They reported a local recurrence rate of 15% at 10 years and 8% at 5 years, but also a considerable complication rate, comprising keratitis, neovascular glaucoma, and a secondary enucleation rate of up to 13% at 5 years and 21% at 10 years, although the authors do not directly attribute these enucleations to irradiation. However, the tumours treated by this modality were more extensive than the lesions of our series, with a median diameter of 7 mm.
The main complication of proton beam irradiation is the relatively rapid appearance of cataract (45% with a median follow-up of 33 months). All patients in whom cataract induced a loss of visual acuity were able to be operated with good functional recovery. Cataract is also the most frequent complication in the series published by Shields et al, 6 as they report a 5-year cataract rate of up to 70%. The minimum dose at which cataract occurred could not be defined and it appears difficult to irradiate all of the tumour volume without also irradiating the lens, in view of the position of this type of tumour.
The second most frequent complication, which can threaten the patient's visual prognosis is raised intraocular pressure. However, it occurs less frequently, in 15% of treated patients, not all corresponding to those patients with preoperative raised intraocular pressure. The exact pathophysiology of raised intraocular pressure remains unclear, but may involve invasion of the iridocorneal angle by tumour cells and by the tumour as well as postirradiation phenomena. Only one of the three patients with raised intraocular pressure in our series only partially responded to medical treatment.
The cost of proton therapy (which used to be very expensive) is not anymore a major problem, currently in France the price of the whole proton treatment is 1968 euros, plaque therapy and surgery prices depending on the hospital stay of the patient: the cost is 1243 euros per day, which makes these last two treatments more expensive as they often need at least two or three days of hospital stay.
Proton beam therapy therefore appears to be a valuable alternative treatment to wide surgical resection for relatively small iris melanomas. The tumour response is satisfactory with an acceptable complication rate and treatment does not induce any visual deterioration. A longer follow-up is required to evaluate the long-term efficacy of this treatment modality in view of the long natural course of this type of tumour.
